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Abstract 
Four kinds of different fillers are selected to investigate effects of simultaneous nitrification and denitrification by biofilm process 
in simulated situ bioremediation in laboratory scale for Taihu Lake. Water temperature and filling rate are both investigated to 
optimize nitrogen removal effects at the water temperature of 30ć, 20ć, 10ć and the filling rate of 30%, 50%, 70%, respectively. 
Under the conditions of 30ć water temperature and 70% filling rate, nitrogen removal effects of filler 1# is best, nitrogen removal 
efficiency of simultaneous nitrification and denitrification (SND) is 95.44%, nitrogen removal effects of filler 3# is worst, its SND 
removal efficiency is 79.30%. Moreover, the surface of filler 1# and filler 2# is rough enough to have a hydrophilia for the growth 
of microorganisms, compare with filler 3# and filler 4#. Thus, the filler 1# and filler 2# could remove more TN and protect polluted 
surface water, water quality is promoted from classčto class ċ. 
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1. Introduction 
Since 1980s, many lakes and reservoirs in China tend to eutrophication and assume aggravating trends, such as 
Taihu lake, Dianchi lake and Guanting reservoir, etc. The development of the ecological system and social economic 
are greatly restricted and influenced [1, 2]. From 1997 to 2006, the series of monitoring data show that the lake water 
quality in comprehensive evaluation is worse than classč.In 2008, considering TN, TP factors, water quality in Taihu 
Lake is declining according to GB 3838-2002 standard [3]. Although the state has increased efforts to control water 
pollution in Taihu Lake, the overall quality is not significantly improved. In this serious situation, it is necessary to 
study repairing technology of natural water with high dissolved oxygen (DO) 7.5 ~ 8.5 mg/L [4]. 
Water repairing technology mainly divides into 3 parts, water physical remediation technologies, water chemical 
remediation technology, and water bioremediation techniques,water bioremediation technology is the most potential 
process, it is a new process in emerging technologies and a research hotspot at home and abroad. The technology uses 
specific absorption and transformation of biological degradation in water for nitrogen, phosphorus and organic 
pollutants, etc, to eventually eliminate  water pollution, thus,the water ecological function could be restored. It is a 
reliable and effective restoration or purification method of surface natural water with low cost and maximum 
controlling pollution, suitable for heavy pollution of rivers, lakes and large flow field of water [5, 6]. In this study, four 
kinds of fillers are investigated as carriers, and water quality in Taihu Lake is repaired with simulated the water 
environment in the laboratory, eg, dissolved oxygen  and temperature, etc.,simultaneous nitrification denitrifying 
denitrification (SND) effects are studied to identify best operation parameters and process of operating conditions, 
simultaneous nitrification denitrifying mechanism is researched and discussed, for exploring the feasibility of surface 
water biological membrane in situ bioremediation, and for providing references for in situ bioremediation technology 
of Taihu lake water. The related research report, method and content are not seen before. 
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2. Testing device and content 
2.1 Testing device 
The device of in situ bioremediation technology is shown in figure 1, it’s a plexiglass column, with a flowmeter, 
a aeration device and a air pump, a controller for the concentration of oxygen, a temperature controller with heating 
rods. Column heigh is 1.1 m, column diameter is 0.082 m, effective water depth is 0.95 m, and effective volume is 5 
L. 
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Figure 1 Sketches of testing device  
2.2 Water quality and filler characteristics 
The water of this study was taken from the east Taihu lake, water quality was shown in table 1. 
Table 1 water quality and water standard              unit: mg/L 
items NH4+-N TKN NO3--N NO2--N TN TP CODMn 
Influent quality 0.43-2.23 1.28-3.96 0.06-1.43 0-0.05 1.54-4.82 0-0.15 2.98-6.37 
Class III water 
quality 1.0 1 20 0.15 1.0 0.2 6 
Classč 
water quality 2.0 2 25 1.0 2.0 0.4 15 
The four fillers were used as biofilm carrier, 1 # and 2 # fillers were made in Jiangsu Suzhou Purification Group 
Co.,Ltd, 3# filler is elastic filler and 4 #filler is combination filler both made in China, the SEM of 4 fillers is shown in 
figure 2, performance index is shown in table 2. 
 
     
1#                        2# 
     
3#                         4# 
Figure 2  SEM of fillers 1#ǃ2#ǃ3# and 4#  
2.3 Testing methods 
(1) The testing device is shown in Figure 1, the nitrifying bacteria of cultivation and acclimation of activated 
sludge and biofilm colonization was made under conditions of COD of 450 mg / L and Kjeldahl nitrogen of 200 mg / 
L. Cultivation and acclimation of activated sludge and biofilm colonization were over while COD and Kjeldahl 
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nitrogen removal rate reached above 70%. First, the proportion of Taihu water is 0%, 50% and last 100%, respectively. 
Then, when the COD and Kjeldahl nitrogen removal rate in Taihu Lake reached 40%, we begin to do simulated 
experiment. 
(2) Because the perennial dissolved oxygen in the Taihu Lake is between 7.5 mg / L and 8.5 mg / L, so, under 
conditions of 7.0-8.0 mg / L DO in situ simulation test, filling rate of 70%, 50% 30% , and simulated temperature of 
30  (summer), 2ć 0  (spring / fall), 10  (winter), ć ć SND process was investigated. 
(3) SND removal rate formula: 
SND removal rate(%) = [(TKN)ox+(NO¯x-N)in-(NO¯x-N)rem]100%/[(TKN)ox+ (NO¯x-N)in]   (1) 
(TKN)inʊInfluent total Kjeldahl nitrogenˈmg/L˗ 
(TKN)efʊEffluent total Kjeldahl nitrogenˈmg/L˗ 
(TKN)oxʊThe oxidation of water in the total Kjeldahl nitrogenˈmg/L˗ 
(NO¯x-N)inʊInfluent nitrateˈmg/L˗ 
(NO¯x-N)remʊEffluent nitrateˈmg/L. 
3. Test results and discussion 
3.1 Performance characteristics 
From table 2, 4 kinds of fillers are different in composition , filler1 # could keep the best original shape, keeping 
shape ability of fillers 2# and 3# is better than filler 4 #, the combined filler of filler 4 # was very easily knotted or 
regimented in trials. Contact angles of the four kinds of fillers were less than 90 °,  hydrophilic characteristics were 
better. In addition, breaking strength of filler 4 # was smaller, breaking strengths for the other three kinds of fillers 
were more than 100cN, having hydraulic resisting and  anti-shocking abilities. The surface morphology of 4 kinds of 
fillers could be seen in Figure 2 (SEM) , the cross sections of single fiber of filler 1#,  2#, 4 # were irregular, and their 
surface were arris, but the cross section of filler 3#  was regular circle. Compared with the other three kinds of fillers, 
fiber surface of filler 2 # was the most coarse, thus easily absorbing micro-organisms, the surface of filler 3 # was 
smooth relatively, the filler 3 # was not easy to hang biofilm, the speed and thicknessRIhanging biofilm were less 
than three other kinds of fillers. The more irregular fiber of cross-section , the more micro-organisms were easily 
absorbed. 
 
Table 2 Performance parameters of the four kinds of fillers 
No. Material Total contact Angle (°) 
Water absorption
˄g/g˅ Breaking strength˄cN˅ 
1# PP + Nylon (deformed material) 58.60 0.29 > 100cN 
2# Polyethylene 43.91 0.19 > 100cN 
3# Nylon 50.45 0.13 > 100cN 
4# Aldehyde fiber (PVA) 49.90 0.15 6.65 
 
3.2 SND removal effects under different temperatures and different filling rates  
Under conditions of 7.00-8.00 mg / L DO, temperatures of 30 ć (summer), 20 ć (spring / fall), 10 ć (winter), 
and the filling rates of 30%, 50%, 70%, respectively, simultaneous nitrification and denitrification of nitrogen removal 
rate (SNDN) are shown in Figure 3. 
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Figure 3 SNDN removal rate of 4 kinds of fillers under different temperatures and filling rates  
(a) The SNDN removal rate under conditions of temperature of 30 ć and 3 different filling rates; (b) The SNDN 
removal rate under conditions of temperature of 20 ć and 3 different filling rates; (c) The SNDN removal rate under 
conditions of temperature of 10 ć and 3 different filling rates. 
 
Compared with testing results of 4 kinds of fillers under different water temperatures and different filling rates, 
Figure 3 showed that at the water temperature of 30 ć and the filling rate of 70%, SNDN removal rate of filler 1 # was 
best, which was 95.44% with a higher value than those of the other three kinds of fillers, the shape retention was also 
good.At the water temperature of 20 ć, filler 4 # worked best, SNDN removal rate reached 86.36%. At the water 
temperature of 10 ć and the filling rate of 70%, filler 3 # worked best, SNDN removal was 81.43%.The trials 
achieved the possibility of simultaneous nitrification and denitrification under conditions of high dissolved oxygen, 
mainly due to existing the different micro-environments of dissolved oxygen in biofilm, and existing aerobic nitrifying 
bacteria and anoxic denitrifying bacteria [7,8]. When the water temperature was 10 ć, effluent nitrogen of filler 1# was 
negative due to oligotrophic water quality in Taihu lake,causing autolysis of microorganisms. 
3.3 Mechanism of simultaneous nitrification and denitrification 
Traditional nitrogen removal is reacted in two different reaction cells, because nitrifying bacteria and denitrifying 
bacteria require different environments, nitrifying bacteria can nitrify with DO between 2.00 mg / L and 4.00mg/L, 
denitrifying reaction needs DO is 0.00 ~ 0.50mg/L. Nitrifying bacteria and denitrifying bacteria in biofilm were found 
in the same reactor, which can make that nitrifying bacteria and denitrifying bacteria could work together for the same 
microbial flora of the two different types of bacteria, biological film has certain thickness, with forming dissolved 
oxygen gradient, dissolved oxygen in outer surface is higher, forming nitrifying bacteria and carbonation bacteria. In 
the interior of microbial community, the concentration of dissolved oxygen is lower, denitrifying bacteria occupy 
majority. In recent years, many scholars find that aerobic denitrifying bacteria or anaerobic nitrifying bacteria exist, 
which make SND process possible in high dissolved oxygen. 
4 Conclusion 
(1) Fillers 1# and 2# made in Jiangsu Suzhou Purification Group Co.,Ltd, overall SNDN removal rate was better than 
those of filler 3# and 4 #, which could be used in repairing the surface water, and could improve the surface water 
quality from class V to class III. 
(2) Water temperature and filling rate both influence SNDN removal rate of 4 kinds of fillers in natural water, the 
experimental results showed under conditions of the water temperature of 30ć and filling rate of 70%, the nitrogen 
removal effect was better than those of other experiment conditions.  
(3) Under conditions of temperature of 30 ć and filling rate of 70%, nitrogen removal of filler 1# was best, with 
SNDN removal rate of 95.44%.Filler 3# got worst results, its SNDN removal rate was 79.30%.At 20 ć, nitrogen 
removal of filler 4# was best, its SNDN removal rate was 86.36%. At 10 ć, nitrogen removal of filler 3 # was best, its 
SNDN removal rate was 81.43%. 
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